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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a substrate on which an optical waveguide 
section and an electrical wiring section can be mounted three-dimensional ly 
in a mixed state and the cost of which can be reduced. 



SOLUTION: A substrate for mixedly mounting optical and electrical parts 
is provided with a fine electrical wiring section composed of an electric 
insulating layer 4, and fine copper wiring 5 and an optical waveguide 
section composed of an optical waveguide clad layer 6 and an optical 
waveguide core layer 7. The insulating layer 4 of the fine electrical wiring 
section and the clad layer 6 and core layer 7 of the optical waveguide 
section are composed of a photosensitive resin the refractive index of which 
varies depending upon the quantity of exposed light. Since the layers 4, 
6, and 7 are made of the same material in the above-mentioned way, the 
electrical wiring section and optical waveguide section can be formed in 
the same process and can be mounted three- dimensionally on the substrate 
in a mixed state and the cost of the substrate can be reduced. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The photoelectricity mixed-loading substrate which is a 
photoelectricity mixed-loading substrate equipped with the optical 
waveguide section which consists of the electric wiring section which has 
an electric wiring layer and an electric insulation layer, and the core 
section and the clad section, and is characterized by the electric 
insulation layer of said electric wiring section and said optical waveguide 
section consisting of same ingredients. 

[Claim 2] The photoelectricity mixed-loading substrate according to claim 
1 with which said electric wiring section and said optical waveguide section 
are mutually prepared in another object. 

[Claim 3] The photoelectricity mixed-loading substrate according to claim 
1 with which said optical waveguide section is prepared on said electric 
wiring section. 

[Claim 4] The photoelectricity mixed-loading substrate according to claim 
1 with which said optical waveguide section is formed in said electric 
insulation layer of said electric wiring section. 

[Claim 5] Said ingredient consists of a photopolymer from which a refractive 
index changes with the exposure quantity of lights irradiated. The core 
section of said optical waveguide section So that the refractive index of 
the part used as the core section of said photopolymer which constitutes 
said optical waveguide section may become larger than the refractive index 
of the part used as the clad section of said photopolymer A photoelectricity 
mixed-loading substrate given in any 1 term of claims 1-4 currently formed 
by making it scan, doubling a focus with the location of a request of 
exposure light of said photopolymer. 

[Claim 6] A photoelectricity mixed-loading substrate given in any 1 term 
of claims 1-5 by which said electric wiring section and said optical 
waveguide section are prepared on the substrate. 

[Claim 7] The photoelectricity mixed-loading substrate according to claim 
6 said whose substrate is a ceramic substrate, a monolayer wiring substrate, 
or a multilayer-interconnection substrate. 

[Claim 8] The manufacture approach of the photoelectricity mixed-loading 
substrate characterized by being the manufacture approach of the 
photoelectricity mixed-loading substrate equipped with the optical 
waveguide section which consists of the electric wiring section which has 
an electric wiring layer and an electric insulation layer, and the core 



section and the clad section, having the process which forms said electric 
wiring section, and the process which forms said optical waveguide section, 
and constituting the electric insulation layer of said electric wiring 
section, and said optical waveguide section from same ingredient. 
[Claim 9] The manufacture approach of a photoelectricity mixed-loading 
substrate according to claim 8 that the process which forms said electric 
wiring section, and the process which forms said optical waveguide section 
include the process which prepares said electric wiring section and said 
optical waveguide section so that it may become another object mutually. 
[Claim 10] The process which prepares said electric-wiring section and said 
optical waveguide section so that it may become another object mutually 
is the manufacture approach of a photoelectricity mixed-loading substrate 
according to claim 9 of having the process which constitutes said 
electric-wiring section and said optical waveguide section in the location 
of a request of this ingredient by which the laminating was carried out, 
respectively, carrying out the laminating of said ingredient, and the 
process which removes the part which constitutes neither of the said 
electric-wiring section and said optical waveguide section of said 
ingredient by which the laminating was carried out, 

[Claim 11] The process which forms said optical waveguide section is the 
manufacture approach of a photoelectricity mixed-loading substrate 
including the process which forms said optical waveguide section on said 
electric wiring section according to claim 8. 

[Claim 12] The manufacture approach of a photoelectricity mixed-loading 
substrate according to claim 8 that the process which forms said electric 
wiring section, and the process which forms said optical waveguide section 
include the process which forms said electric wiring section and which sets 
in process and forms said optical waveguide section in said electric 
insulation layer of said electric wiring section. 

[Claim 13] The photopolymer from which a refractive index changes with the 
exposure quantity of lights irradiated is used as said ingredient. So that 
the refractive index of the part used as the core section of said 
photopolymer which constitutes said optical waveguide section may become 
larger than the refractive index of the part used as the clad section of 
said photopolymer The manufacture approach of a photoelectricity 
mixed-loading substrate given in any 1 term of claims 8-12 including the 
process which forms the core section of said optical waveguide section by 
making it scan, doubling a focus with the location of a request of exposure 
light of said photopolymer. 

[Claim 14] The manufacture approach of a photoelectricity mixed-loading 



substrate given in any 1 term of claims 8-13 which have the process which 
prepares said electric wiring section and said optical waveguide section 
on a substrate. 

[Claim 15] The manufacture approach of the photoelectricity mixed-loading 
substrate according to claim 14 using a ceramic substrate, a monolayer 
wiring substrate, or a multilayer-interconnection substrate as said 
substrate. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The optical waveguide section and the electric 
wiring section are loaded together, and this invention relates to the 
photoelectricity mixed-loading substrate which has the photoelectricity 
conversion function in which it is used in optical communication etc. , and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, in order to realize 
communicative large-capacity-izing and improvement in the speed, 
researches and developments of the optical exchange, optical 
interconnection equipment, etc. are done actively. Those equipments have 
the electrical signal processing section, the optical-signal-processing 
section, and the photoelectricity transducer that changes a lightwave 
signal and an electrical signal mutually. The photoelectricity conversion 
part consists of optoelectric transducers, such as LD (laser diode) and 
PD (photodiode), and an electric element which drives or amplifies it. 
[0003] In the conventional optical interconnection, the property top 
silicon substrate is used for the substrate in which optical waveguide is 
formed in and the light corpuscle child is mounted, and many ceramic 
substrates or printed circuit boards are used for the substrate in which 
electric wiring is formed in and the electric element is mounted. The mutual 
substrate is connected by the bonding wire where the substrate for light 
corpuscle children is carried on an electric substrate. 
[0004] Moreover, the substrate with which both the light corpuscle child 



and the electric element were mounted is indicated by JP, 9-236731, A. In 
this official report, each of light corpuscle children and electric 
elements is mounted on a ceramic wiring board, and the substrate which the 
siloxane system polymer uses as an ingredient of optical waveguide is shown. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the conventional 
technique of a configuration of connecting the substrate with which optical 
waveguide is formed and the light corpuscle child is mounted, and the 
substrate with which electric wiring is formed and the electric element 
is mounted by the bonding wire, since the wire was long in comparison, in 
order to raise transmission capacity, when drive frequency was made high, 
a noise was not able to be overlapped on a signal, and RF-ization was not 
able to be realized. 

[0006] Moreover, the mixture substrate currently indicated by 
JP, 9-236731, A has the composition that the optical waveguide which consists 
of a siloxane system polymer is formed on the ceramic 
multilayer-interconnection substrate. Thus, when a wiring substrate and 
optical waveguide consisted of a mutually different ingredient, it was 
difficult to form the electric insulation layer and optical waveguide of 
a wiring substrate in the process according to individual with a mutually 
different ingredient, and to attain perfect three dimension 
mixed-loading-izing and low-cost-izing of the optical waveguide section 
and the electric wiring section in this mixed-loading substrate. In 
addition, by sensitization, it is difficult for the siloxane system polymer 
used as resin for optical waveguides in this mixed-loading substrate to 
form detailed wiring and a beer hall, therefore it cannot use it as a charge 
of electric insulation film material. 

[0007] This invention aims at offering the photoelectricity mixed-loading 
substrate which can attain three dimension mixed-loading-izing and 
low-cost-izing of the optical waveguide section and the electric wiring 
section, and its manufacture approach in view of the above trouble. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, the photoelectricity mixed-loading substrate of this invention 
is a photoelectricity mixed-loading substrate equipped with the optical 
waveguide section which consists of the electric wiring section which has 
an electric wiring layer and an electric insulation layer, and the core 
section and the clad section, and is characterized by the electric 
insulation layer of said electric wiring section and said optical waveguide 
section consisting of same ingredients. 



[0009] Since it becomes possible to form the electric wiring section and 
the optical waveguide section in the same process according to the 
photoelectricity mixed-loading substrate of this invention constituted as 
mentioned above, it becomes possible to attain three dimension 
mixed-loading-izing of the optical waveguide section and the electric 
wiring section, and low cost-ization of a photoelectricity mixed-loading 
substrate, 

[0010] Moreover, it is good also as a configuration in which said electric 
wiring section and said optical waveguide section are mutually prepared 
in another object, 

[0011] Or it is good also as a configuration in which said optical waveguide 
section is prepared on said electric wiring section, and good also as a 
configuration in which said optical waveguide section is formed in said 
electric insulation layer of said electric wiring section. This becomes 
possible to attain further densif ication of a photoelectricity 
mixed-loading substrate. 

[0012] Furthermore, it is good also as a configuration which said ingredient 
consists of a photopolymer from which a refractive index changes with the 
exposure quantity of lights irradiated, and is formed by making it scan 
while the core section of said optical waveguide section doubles a focus 
with the location of a request of exposure light of said photopolymer so 
that the refractive index of the part used as the core section of said 
photopolymer which constitutes said optical waveguide section may become 
larger than the refractive index of the part used as the clad section of 
said photopolymer. 

[0013] In addition, it is good also as a configuration in which said electric 
wiring section and said optical waveguide section are prepared on the 
substrate. 

[0014] Furthermore, it is good also as a configuration said whose substrate 
is a ceramic substrate, a monolayer wiring substrate, or a 
multilayer-interconnection substrate. 

[0015] Moreover, the manufacture approach of the photoelectricity 
mixed-loading substrate of this invention is the manufacture approach of 
the photoelectricity mixed-loading substrate equipped with the optical 
waveguide section which consists of the electric-wiring section which has 
an electric-wiring layer and an electric-insulation layer, and the core 
section and the clad section, has the process which forms said 
electric-wiring section, and the process which forms said optical waveguide 
section, and is characterized by to constitute the electric-insulation 
layer of said electric-wiring section, and said optical waveguide section 



from same ingredient. 

[0016] This becomes possible [ forming the electric wiring section and the 
optical waveguide section in the same process ], and three dimension 
mixed-loading-izing of the optical waveguide section and the electric 
wiring section and low cost-ization of a photoelectricity mixed-loading 
substrate are attained, 

[0017] Moreover, it is good also as a configuration whose process which 
forms said electric wiring section and process which forms said optical 
waveguide section include the process which prepares said electric wiring 
section and said optical waveguide section so that it may become another 
object mutually. 

[0018] Furthermore, the process which prepares said electricwiring 
section and said optical waveguide section so that it may become another 
object mutually is good for the location of a request of this ingredient 
by which the laminating was carried out also as a configuration which has 
the process which constitutes said electric-wiring section and said optical 
waveguide section, respectively, and the process which removes the part 
which constitutes neither of the said electric-wiring section and said 
optical waveguide section of said ingredient by which the laminating was 
carried out, carrying out the laminating of said ingredient. 
[0019] Moreover, the process which forms said optical waveguide section 
is good also as a configuration including the process which forms said 
optical waveguide section on said electric wiring section, or good also 
as a configuration in which the process which forms said electric wiring 
section, and the process which forms said optical waveguide section include 
the process which forms said electric wiring section, and which sets in 
process and forms said optical waveguide section in said electric 
insulation layer of said electric wiring section. Thereby, the 
photoelectricity mixed-loading substrate with which further densif ication 
was attained is constituted. 

[0020] Furthermore, it is good also as a configuration including the process 
which forms the core section of said optical waveguide section by making 
it scan, doubling a focus with the location of a request of exposure light 
of said photopolymer so that the refractive index of the part used as the 
core section of said photopolymer which constitutes said optical waveguide 
section with the exposure quantity of light irradiated, using the 
photopolymer from which a refractive index changes as said ingredient may 
become larger than the refractive index of the part used as the clad section 
of said photopolymer. 

[0021] Moreover, it is good also as a configuration which has the process 



which prepares said electric wiring section and said optical waveguide 
section on a substrate, and still better also as a configuration using a 
ceramic substrate, a monolayer wiring substrate, or a 
multilayer-interconnection substrate as said substrate. 
[0022] 

[Embodiment of the Invention] Next, the operation gestalt of this invention 
is explained with reference to a drawing. 

[0023] (1st operation gestalt) Drawing- 1 is the sectional view showing the 
1st operation gestalt of the photoelectricity mixed-loading substrate of 
this invention. 

[0024] The photoelectricity mixed-loading substrate (henceforth a 
^'mixed-loading substrate'') of this operation gestalt has the ceramic 
multilayer-interconnection substrate 1 with which electric wiring was 
formed in both front faces and the interior of the copper wiring 2 and the 
beer hall 3 between layers, the detailed electric-wiring section which 
consisted of an electric insulation layer 4 and detailed copper wiring 5, 
and was prepared on the ceramic multilayer-interconnection substrate 1, 
and the optical waveguide section which consisted of an optical waveguide 
cladding layer 6 and an optical waveguide core layer 7, and was similarly 
prepared on the ceramic multilayer-interconnection substrate 1. On the 
ceramic multilayer-interconnection substrate 1, LD (laser diode) 8 is 
mounted through the high-melting solder bump 9, and the silicon LSI 10 for 
drivers is mounted through the solder bump 11. Furthermore, the silicon 
LSI 12 for control is mounted on the detailed electric wiring section. 
[0025] The silicon LSI 12 for control controls the silicon LSI 10 for drivers 
by the mixed-loading substrate constituted as mentioned above, and the 
silicon LSI 10 for drivers drives LD8 with it. In addition, LD8 and the 
optical waveguide core 7 are combined optically. 

[0026] Next, the production process of the mixed-loading substrate shown 
in drawing 1 with reference to drawing 2 is explained. Drawing 2 is the 
sectional view showing the production process of the mixed-loading 
substrate shown in drawing 1 . 

[0027] In the production process of a mixed-loading substrate, first, as 
shown in drawing 2 (a), the ceramic multilayer-interconnection substrate 
1 is created. 

[0028] First, after mixing well alumina powder, flux, an organic binder, 
a solvent, and a plasticizer in a ball mill, this mixture is extended to 
up to a carrier tape with a blade, it is made to dry and a green sheet is 
created. Next, a green sheet is perforated with metal mold, it is filled 
up with the conductive paste created with metal powder into this, and a 



desired conductor pattern is further printed on a green sheet. Next, the 
laminating of the green sheet of two or more sheets constituted in this 
way is carried out, and it is calcinated. The ceramic 
multilayer-interconnection substrate 1 is created by the above. 
[0029] Then, as shown in this drawing (b), the detailed electric wiring 
section and the optical waveguide section are created on the ceramic 
multilayer-interconnection substrate 1. 

[0030] First, the spin coat of the photopolymer used as the electric 
insulation layer 4 of lower cladding layer 6a of the optical waveguide 
section and the detailed electric wiring section is carried out on the 
ceramic multilayer-interconnection substrate L Next, exposure and 
development are performed, a beer pattern is formed in the part used as 
the detailed electric wiring section, it leaves the part used as lower 
cladding layer 6a as uniform resin film, and the part to which you want 
to expose the front face of the ceramic multilayer-interconnection 
substrate 1 removes a photopolymer. In addition, the exposure quantity of 
light is adjusted to the above-mentioned photopolymer so that it may become 
small slightly from the optical waveguide core 7 which the refractive index 
of lower clad 6b mentions later in the process of exposure and development 
using the resin from which a refractive index changes with the exposure 
quantity of light. Then, resin is made to harden a photopolymer at the 
temperature of a proper. Next, a plating resist is removed after performing 
coppering after applying a plating resist using a spin coat method, 
performing exposure and development and performing patterning which forms 
detailed copper wiring, and forming the detailed copper wiring 5. 
[0031] Subsequently, the spin coat of the photopolymer used as the optical 
waveguide core layer 7 and the electric insulation layer 4 of the detailed 
electric wiring section is carried out. Next, exposure and development are 
performed, a beer pattern is formed in the part used as detailed electric 
wiring, a core pattern is formed in the part used as an optical waveguide 
core 7, and the part to which you want to expose the front face of the ceramic 
multilayer-interconnection substrate 1 removes a photopolymer. In addition, 
while performing patterning of the optical waveguide core layer 7 in the 
process of exposure and development using the resin from which a refractive 
index changes with the exposure quantity of lights to the above-mentioned 
photopolymer, the exposure quantity of light is adjusted so that the 
refractive index of a core layer 7 may be slightly enlarged from lower 
cladding layer 6a. Then, resin is made to harden a photopolymer at the 
temperature of a proper. Next, after applying a plating resist using a spin 
coat method, performing exposure and development and performing patterning 



for forming detailed copper wiring, coppering is performed, and a plating 
resist is removed after forming the detailed copper wiring 5. 
[0032] Then, the spin coat of the photopolymer used as the electric 
insulation layer 4 of up cladding layer 6b of the optical waveguide cladding 
layer 6 and the detailed electric wiring section is carried out. Next, 
exposure and development are performed, a beer pattern is formed in the 
part used as detailed electric wiring, a core pattern is formed in the part 
used as up cladding layer 6b, and the part to which you want to expose the 
front face of the ceramic multilayer-interconnection substrate 1 removes 
a photopolymer. In addition, using the resin from which a refractive index 
changes with the exposure quantity of lights, in the process of exposure 
and development, the exposure quantity of light is adjusted to the 
above-mentioned photopolymer so that the refractive index of up clad 6b 
may become small slightly from the optical waveguide core 7. Then, resin 
is made to harden a photopolymer at the temperature of a proper. Next, after 
applying a plating resist using a spin coat method, performing exposure 
and development and performing patterning for forming detailed copper 
wiring, coppering is performed, and a plating resist is removed after 
forming the detailed copper wiring 5. 

[0033] Then, as shown in this drawing (c), LD8 is mounted on the ceramic 
multilayer-interconnection substrate 1 using the high-melting solder 9. 
[0034] Finally, as shown in this drawing (d), through the solder bump 11, 
the silicon LSI 10 for drivers is mounted on the ceramic 
multilayer-interconnection substrate 1, and the silicon LSI 12 for control 
is mounted on the detailed electric wiring section. 

[0035] According to the above process, it has the detailed electric wiring 
section of three layers and optical waveguide which consist of an electric 
insulation layer 4 and detailed copper wiring 5, and the mixed-loading 
substrate with which LD8 which is a light corpuscle child, and LSI 10 and 
12 which is an electric element were mounted is formed. According to the 
manufacture approach explained above, into the separate part on the ceramic 
multilayer-interconnection substrate 1, the electric insulation layer 4 
and the ingredient same as an ingredient of optical waveguide can be used, 
and the detailed electric wiring section and the optical waveguide section 
can be created in the same process. In addition, the number of wiring layers 
of the detailed electric wiring section can be chosen as arbitration. 
Moreover, optical waveguide is not restricted to the configuration of the 
above three-dimension mold optical waveguides. 

[0036] Drawing 3 is the side elevation of the optical waveguide in the 
mixed-loading substrate shown in drawing 1 . 



[0037] As shown in drawing, on the ceramic multilayer-interconnection 
substrate 1, optical waveguide is formed with the structure where the 
optical waveguide cladding layer 6 surrounds the optical waveguide core 
layer 7. In addition, although the example in which three optical waveguide 
core layers 7 are formed is shown in drawing 3 , the number of core layers 
7 may be changed according to the purpose of using an optical circuit etc. 
[0038] (2nd operation gestalt) Drawing 4 is the sectional view showing the 
2nd operation gestalt of the mixed-loading substrate of this invention. 
[0039] The mixed-loading substrate of this operation gestalt has the 
ceramic multilayer-interconnection substrate 21 with which electric wiring 
was formed in both front faces and the interior of the copper wiring 22 
and the beer hall 23 between layers. The detailed electric wiring layer 
which consists of an electric insulation layer 24 and detailed copper wiring 
25 is formed over the whole, and the optical waveguide section which becomes 
a required part on a detailed electric wiring layer from the optical 
waveguide core layer 27 and the optical waveguide clad 26 further is formed 
in the top face of the wiring substrate 21. It is formed with the ingredient 
with same electric insulation layer 24 and optical waveguide section. 
Furthermore, on the detailed electric wiring layer, LD28 is mounted through 
the high-melting solder bump 29, and the silicon LSI 30 for drivers and 
the silicon LSI 32 for control are mounted through the solder bump 31. 
[0040] The silicon LSI 32 for control controls the silicon LSI 10 for drivers 
by the mixed-loading substrate constituted as mentioned above, and the 
silicon LSI 30 for drivers drives LD28 with it. In addition, the laser diode 
28 and the optical waveguide core 27 are combined optically. 
[0041] Next, the production process of the mixed-loading substrate shown 
in drawing 4 with reference to drawing 5 is explained. Drawing 5 is the 
sectional view showing the production process of the mixed-loading 
substrate shown in drawing 4 . 

[0042] In the production process of a mixed-loading substrate, first, as 
shown in drawing 5 (a), the ceramic multilayer-interconnection substrate 
21 is created. 

[0043] First, after mixing well alumina powder, flux, an organic binder, 
a solvent, and a plasticizer in a ball mill, this mixture is extended to 
up to a carrier tape with a blade, it is made to dry and a green sheet is 
created. Next, a green sheet is perforated with metal mold, it is filled 
up with the conductive paste created with metal powder into this, and a 
desired conductor pattern is further printed on a green sheet. Next, the 
laminating of the green sheet of two or more sheets constituted in this 
way is carried out, and it is calcinated. The ceramic 



multilayer-interconnection substrate 21 is created by the above. 
[0044] Then, as shown in this drawing (b), the detailed electric wiring 
section is created in the whole top face of the ceramic 
multilayer-interconnection substrate 21. 

[0045] First, the photopolymer used as the electric insulation layer 24 
is applied with a spin coat method on the ceramic 
multilayer-interconnection substrate 21. Next, after performing exposure 
and development and forming the pattern of an electric insulation layer, 
it heats at the temperature of a proper to resin, and resin is stiffened. 
Next, after applying a plating resist with a spin coat method, performing 
exposure and development and performing patterning of an electric conductor 
layer, coppering is performed, and the detailed copper wiring 25 is formed. 
Furthermore, a desired detailed electric wiring layer is created on the 
ceramic multilayer-interconnection substrate 21 by only a required count' s 
repeating the formation process of the above-mentioned electric insulation 
layer, and the formation process of a detailed copper wiring layer, and 
carrying them out. 

[0046] Then, as shown in this drawing (c), the optical waveguide section 
is created on the detailed electric wiring section which consists of the 
electric insulation layer 4 and the detailed copper wiring 5 which were 
formed on the ceramic multilayer-interconnection substrate 21. 
[0047] First, the same resin as the electric insulation layer 24 used as 
lower cladding layer 26a of the optical waveguide section is applied with 
a spin coat method on the detailed electric wiring section, exposure and 
development are performed, patterning is carried out to the configuration 
of a request of optical waveguide lower cladding layer 26a, and resin is 
made to harden resin at the temperature of a proper. Next, the same resin 
as the electric insulation layer 24 used as the optical waveguide core layer 
27 is applied with a spin coat method, exposure and development are 
performed, patterning of the optical waveguide core layer 7 is carried out 
to the purpose part, and resin is made to harden resin at the temperature 
of a proper. 

[0048] Next, the same resin as the electric insulation layer 24 used as 
optical waveguide up cladding layer 26b is applied with a spin coat method, 
exposure and development are performed, patterning is carried out to the 
configuration of a request of up cladding layer 26b, and resin is made to 
harden resin at the temperature of a proper. In addition, using the 
ingredient from which a refractive index changes with the exposure quantity 
of lights to the resin which constitutes cladding layers 26a and 26b and 
a core layer 27, in the process of exposure and development, while 



performing patterning, the exposure quantity of light is adjusted so that 
the refractive index of the optical waveguide core layer 27 may become high 
slightly rather than the refractive index of a cladding layer 26. 
[0049] As shown in this drawing (d), while mounting LD28 on the detailed 
electric wiring section through the high-melting solder 29 finally, the 
silicon LSI 30 for drivers and the silicon LSI 32 for control are mounted 
on the detailed electric wiring section through the solder bump 31. 
[0050] Of the above process, the mixed-loading substrate of this operation 
gestalt is formed. According to the manufacture approach explained above, 
the optical waveguide section can be created on the detailed electric wiring 
section of the ceramic multilayer-interconnection substrate 21 in the same 
process using the electric insulation layer 24 and the ingredient same as 
an ingredient of optical waveguide. In addition, the number of wiring layers 
of the detailed electric wiring section can be chosen as arbitration. 
Moreover, optical waveguide is not restricted to the configuration of the 
above three-dimension mold optical waveguides. 

[0051] (3rd operation gestalt) Drawing 6 is the sectional view showing the 
3rd operation gestalt of the mixed-loading substrate of this invention. 
[0052] The mixed-loading substrate of this operation gestalt has the 
ceramic multilayer-interconnection substrate 41 with which electric wiring 
was formed in both front faces and the interior of the copper wiring 42 
and the beer hall 43 between layers. The detailed electric wiring layer 
which consists of an electric insulation layer 44 and detailed copper wiring 
45 is formed in the top face of the wiring substrate 41 over the whole, 
and the core layer 53 for optical transmission and the core layer 55 for 
optical reception which are optical waveguide are further formed in the 
detailed electric wiring layer. The electric insulation layer 44 and 
optical waveguide are formed with the same ingredient. On the detailed 
electric wiring layer, LD48 is mounted through the high-melting solder bump 
49, and PD54, the silicon LSI 50 for drivers, and the silicon LSI 52 for 
control are mounted through the solder bump 51. 

[0053] The silicon LSI 52 for control controls the silicon LSI 50 for drivers 
by the mixed-loading substrate of this operation gestalt constituted as 
mentioned above, and the silicon LSI 50 for drivers drives LD48 with it. 
In addition, LD48, the core 53 for optical transmission, and the PD54 and 
core 55 for optical reception of each other [ respectively ] are combined 
optically. 

[0054] Next, the production process of the mixed-loading substrate shown 

in drawing 6 with reference to drawing 7 is explained. Drawing 7 is the 
sectional view showing the production process of the mixed-loading 



substrate shown in drawing 6 . 

[0055] First, after mixing well alumina powder, flux, an organic binder, 
a solvent, and a plasticizer in a ball mill, this mixture is extended to 
up to a carrier tape with a blade, it is made to dry and a green sheet is 
created. Next, a green sheet is perforated with metal mold, it is filled 
up with the conductive paste created with metal powder into this, and a 
desired conductor pattern is further printed on a green sheet. Next, the 
laminating of the green sheet of two or more sheets constituted in this 
way is carried out, and it is calcinated. The ceramic 
multilayer-interconnection substrate 41 is created by the above. 
[0056] Then, as shown in this drawing (b), the detailed electric wiring 
section is created in the whole top face of the ceramic 
multilayer-interconnection substrate 41. 

[0057] First, the photopolymer used as the electric insulation layer 44 
is applied with a spin coat method on the ceramic 
multilayer-interconnection substrate 41. Next, after performing exposure 
and development and forming the pattern of an electric insulation layer, 
it heats at the temperature of a proper to resin, and resin is stiffened. 
Next, after applying a plating resist with a spin coat method, performing 
exposure and development and performing patterning of an electric conductor 
layer, coppering is performed, and the detailed copper wiring 45 is formed. 
Furthermore, a desired detailed electric wiring layer is created on the 
ceramic multilayer-interconnection substrate 41 by only a required count' s 
repeating the formation process of the above-mentioned electric insulation 
layer, and the formation process of detailed copper wiring, and carrying 
them out. 

[0058] Then, as shown in this drawing (c), optical waveguide is created 
in the electric insulation layer 44 of the detailed electric wiring section 
formed on the ceramic multilayer-interconnection substrate 41. The optical 
waveguide core layers 53 and 55 are written in a photopolymer in three 
dimension by making a photopolymer scan, doubling a focus with the location 
which forms the core layers 53 and 55 of a photopolymer for a laser beam 
so that the refractive index of the optical waveguide core layers 53 and 
55 may become large slightly rather than the surrounding electric 
insulation layer 44 using the resin from which a refractive index changes 
with the quantity of light of the laser beam as an exposure light irradiated. 
[0059] As shown in this drawing (d), while mounting LD48 on the detailed 
electric wiring section through the high-melting solder 49 finally, FD54, 
the silicon LSI 50 for drivers, and the silicon LSI 52 for control are 
mounted on the detailed electric wiring section through the solder bump 



51. 

[0060] Of the above process, the mixed-loading substrate of this operation 
gestalt is formed. According to the manufacture approach explained above, 
the optical waveguide section can be created on the detailed electric wiring 
section of the ceramic multilayer-interconnection substrate 41 in the same 
process using the electric insulation layer 44 and the ingredient same as 
an ingredient of optical waveguide. 
[0061] 

[Example] In order to realize the mixed-loading substrate of this invention, 
the ingredient with which light transmission nature realizes low cost micro 
processing highly is required. For example, the epoxy acrylate resin 
(V259PA made from Nippon Steel Chemistry) which has a fluorene frame 
fulfills these conditions, the optical loss as optical waveguide for single 
modes is 0.3 dB/cm extent, and even if it compares with other polymer 
material currently developed as an object for optical waveguides, it has 
the engine performance which is not inferiority. Moreover, the 
above-mentioned epoxy acrylate resin has UV photosensitivity, and since 
the resolution which is moreover needed for detailed-ization is also high, 
it can form about several microns electric wiring by low cost. 
[0062] Here, the process which forms optical waveguide using the epoxy 
acrylate resin which has a fluorene frame is explained. 
[0063] First, the coating solution which dissolved the epoxy acrylate resin 
which has a fluorene frame in the substrate which forms optical waveguide 
is applied with a spin coating method, a DIP coating method, etc. , and the 
spreading film is obtained. Next, after performing baking processing and 
evaporating a solvent, exposure is performed and a lower clad is adjusted 
to a suitable refractive index. Subsequently, by performing heat-treatment 
for about 30 - 90 minutes (postbake) at 160 degrees C - 250 degrees C, the 
exposure section is solidified and a lower clad is created. Next, the 
coating solution which dissolved the epoxy acrylate resin which has a 
fluorene frame is applied with a spin coating method, a DIP coating method, 
etc. on a lower clad, and the spreading film is obtained. Next, the target 
part is stiffened, while exposing through the glass mask which gave the 
predetermined pattern and adjusting the refractive index of a core, after 
performing baking processing and evaporating a solvent. At this time, the 
refractive index of a core needs a small thing at the difference in 1% or 
less than the refractive index of the clad of the circumference of it. 
[0064] Next, by dipping the above-mentioned substrate in a potassium 
hydroxide or the alkali developer of an amine system, dissolving and 
developing a part for an unexposed part, and performing heat-treatment for 



about 30 - 90 minutes (postbake) at 160 more degrees C - 250 degrees C, 
the exposure section is solidified and the configuration of an optical 
waveguide core is created. Next, the epoxy acrylate resin which has a 
fluorene frame on a core and a lower clad is formed by the same approach 
as the above-mentioned lower clad as an up clad. According to the above 
process, it can have thermal resistance and the single mode optical 
waveguide whose height and width of face of a core cross section are about 
several micrometers, and the multimode optical waveguide whose height and 
width of face of a core cross section are about several 10 micrometers can 
be created by the simple approach. 

[0065] Moreover, in order to make the heat generated from LD8 radiate heat 
effectively as other examples in the mixed-loading substrate of a 
configuration as shown, for example in drawinR 1 , thermally conductive 
good alumimium nitride, carbonization silicon, or beryllium oxide may be 
used as a ceramic ingredient of the ceramic multilayer-interconnection 
substrate 1. 

[0066] Furthermore, as other examples, in case die bonding of LD8 is carried 
out in the mixed-loading substrate of a configuration as shown, for example 
in drawing 1 , the ingredient near the coefficient of thermal expansion 
of the ingredient of LD8 as a ceramic ingredient of the ceramic 
multilayer-interconnection substrate 1 may be used so that the strain 
produced in LD8 by the differential thermal expansion between LD8 and the 
ceramic multilayer-interconnection substrates 1 by the temperature change 
may become small. 

[0067] Although each operation gestalt and example which were explained 
above showed the example in which the electric wiring section and the 
optical waveguide section are prepared on the ceramic 
multilayer-interconnection substrate here, the photoelectricity 
mixed-loading substrate of this invention is not necessarily required for 
the electric wiring section and the optical waveguide section being 
prepared on a substrate. Moreover, if the electric wiring section and the 
optical waveguide section are in the configuration prepared on the 
substrate, a substrate is good also as a configuration in which it is not 
restricted to a ceramic multilayer-interconnection substrate, but the 
electric wiring section and the optical waveguide section are prepared on 
the substrate of the configuration of arbitration, such as a mere ceramic 
substrate and a monolayer wiring substrate. 

[0068] In addition, this invention is not limited to each above-mentioned 
operation gestalt and each above-mentioned example at all, and adding 
modification, amelioration, etc. various in the range which does not 



deviate from the summary of this invention does not interfere at all. 
[0069] 

[Effect of the Invention] As explained above, since the electric insulation 
layer of the electric wiring section and the optical waveguide section 
consist of same ingredients, this invention can form the electric wiring 

section and the optical waveguide section in the same process, and can 
attain three dimension mixed^loading-izing of the optical waveguide 
section and the electric wiring section, and low cost-ization of a 
photoelectricity mixed-loading substrate. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the sectional view showing the 1st operation gestalt of 
the photoelectricity mixed-loading substrate of this invention. 
[Drawing 2] It is the sectional view showing the production process of the 
mixed-loading substrate shown in drawing 1 . 

[Drawing 3] It is the side elevation of the optical waveguide in the 

mixed-loading substrate shown in drawing 1 . 

[Drawing 4] It is the sectional view showing the 2nd operation gestalt of 
the ** point substrate of this invention. 

[Drawing 5] It is the sectional view showing the production process of the 
mixed-loading substrate shown in drawing 4 . 

[Drawing 6] It is the sectional view showing the 3rd operation gestalt of 
the mixed-loading substrate of this invention. 

[Drawing 7] It is the sectional view showing the production process of the 
mixed-loading substrate shown in drawing 6 . 
[Description of Notations] 

1, 21, 41 Ceramic multilayer-interconnection substrate 

2, 22, 42 Copper wiring 

3, 23, 43 Beer hall between layers 

4, 24, 44 Electric insulation layer 

5, 25, 45 Detailed copper wiring 

6 26 Optical waveguide cladding layer 



6a, 26a Lower cladding layer 

6b, 26b Up cladding layer 

7 27 Optical waveguide core layer 

8, 28, 48 LD (laser diode) 

9, 29, 49 High-melting solder bump 

10, 30, 50 Silicon LSI for drivers 

11, 31, 51 Solder bump 

12, 32, 52 Silicon LSI for control 

53 Core Layer for Optical Transmission 

54 PD (Photodiode) 

55 Core Layer for Optical Reception 
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